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EFFECTS OF SINGLE DOSE X-IRRADIATION ON THE PIGMENT
CELL SYSTEM OF THE PET MOUSE LEG SKIN*
WILLIE M. REAMS, Ja., PH.D. AND BARRY E. SCHAEFFER, M.A.t
MATERIALS AND METHODS
Mice of the PET strain (5) are black non-agouti
animals which are peculiar in that they have Pig-
mented Extraepidermal Tissues (6). The skin of
the hind limbs was of particular interest for this
study as there is a conspicuous system of melano-
eytes in the dermis, but none in the epidermis.
Furthermore, a significant differential in the nor-
mal dermal melanocyte population has been noted
between the dorsal and ventral leg skin.
Sixty-four mice varying in age from one to 4
days were irradiated and then sacrificed 10 or 11
days thereafter. The X-radiation levels ranged
from 200 to 7,000 r. Different doses were given the
right hind limb of each litter mate in order to
eliminate the possibility that any one litter might
show an atypical response at a given dosage level.
The unirradiated left hind limb served as a con-
trol. Additionally, one or 2 puppies of each litter
were not irradiated and also served as controls.
To facilitate irradiation, young mice were posi-
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tioned with tape on polystyrene platforms so that
the right hind limb was extended. Thus the X-ray
beam could be focused with relative precision on
only that area to be irradiated. A General Electric
Maxitron X-ray machine was employed. At 1,000
KVP and 3 milliamperes, the radiation intensity
obtained at 1 cm distance was 500 r per minute,
HVL of 3.7 mm of lead. The machine contained
inherent filtration of a brass-water-brass jacket
around the X-ray tube. Only high energy X-rays
of practically uniform intensity passed through to
the specimen.
Immediately after irradiation, mice were identi-
fied with a code marking and returned to their
mothers. Ten or 11 days after irradiation the mice
were killed in ether and a chemical depilatory
(Nair) was applied to the hind hmbs of those not
already epilated due to irradiation. The skin was
removed from the hind limbs, fixed in 5% formol-
saline, dehydrated in alcohol, cleared in methyl
salicylate, and examined as wet whole mounts.
Selected specimens were prepared for histologic
study.
As a check on the occurrence of pre-melano-
cytes in the skin, samples from control mice were
treated with dopa and examined in serial section.
To confirm the actual location of the dopa-posi-
TABLE I
Effects of X-ray dosages on the
leg skin of PET mice
It is well established that X-irradiation pro-
vokes hyperpigmentation in the skin of
mammals (1). Paradoxically, X-irradiation
also can result in the loss of pigmentation in
hairs (2, 3). These and other related investiga-
tions have been limited to the study of mclano-
cytes in the epidermis and its derivatives.
However, the dcrmal melanocytes in PET mice
have been found to increase in number with
ultraviolet (UV) radiation (4). The PET
mouse epidermis normally is devoid of melano-
cytcs and remains so following UV treatment.
The results with UV engendered the desire to
further investigate the effects of radiation on
the pigmentary system of the PET mouse.
Therefore, an investigation was undertaken
which employed treatment of the hind leg of
young PET mice with various dosages of X-
rays.
Number Melanorytes Relative Response'
ventral
Skin Dorsal Skin
Dose in
Rnentgens
Control
200
400
750
900
1000
2000
3000
4000
5000
6000
7000
200/mm'
200/mm'
200/mm'
200/mm'
200/mm'
200/mm'
200/mm'
200/mm'
200/mm'
200/mm'
200/mm'
200/mm'
Plantar Greying
Skin' of Hair
0 0
1 1
3 1
4 1
2 1
1 0
0 0
depig. 0
depig. 0
depig. 0
depig. 0
depig. 0
60/mm'
60/mm'
60/mm'
60/mm'
200/mm'
200/mm'
200/mm'
200/mm2
200/mm'
200/mm'
200/mm'
200/mm'
Epila-
tion
0
0
0
0
0
0
4
4
4
4
4
4
'Scale ranges from 0 (no change from normal),
to 4 (maximum reaction).
'Reaction in plantar skin is hyperpigmenta-
tion.
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tive pigment cells, epidermal and dermal sheets
were prepared by the NaBr method (7) and ex-
amined following dopa treatment.
RESULTS
Depending upon the dose, radiation effects
included decrease in total leg size, changes in
skin pigmentation, greying of hair and epila-
tion. The results of the radiation effects on the
leg skin are summarized in Table I.
Examination of the plantar surface re-
vealed a slight increase in the pigmentation
of the irradiated footpad at a dosage as low as
200 r. At 400—750 r there was a pronounced
darkening which was easily observed with a
stereo-microscope. Between 900 and 1,000 r the
reaction was one of slight darkening, while at
2,000 r no darkening could be detected. There
was a marked decrease in pigmentation at
3,000 r, which appeared to be due to the dc-
struction of mclanocytes.
Results of irradiation on ventral and dorsal
leg skin vary from those of the plantar skin.
In the dorsal skin of the normal 12-day PET
leg the dermal mclanocyte population was ap-
proximately 60/mm2 while the ventral popula-
tion was about 200/mm2. Below 900 r no change
could be detected in the population densities.
With dosages greater than 900 r, the dorsal
mclanocytcs increased from 60/mm2 to
200/mm2 (Fig. 1), a density equal to that of
normal ventral leg skin. In contrast, the melano-
cytes of the ventral leg skin remained at
200/mm2 (Figs. 2, 3) even with irradiation up
to 7,000 r—a level well above that which de-
stroys melanocytes in plantar skin.
Histologic study of skin irradiated with
2,000 r showed, in addition to the dermal
mclanocytes, well developed melanotic melan-
ocytcs in the epidermis (Fig. 4), an area nor-
mally free of melanocytcs. IvIost hair follicles
remained, but were in a state of disorganiza-
Fm. 1. Whole mouot of dorsal leg skin 10 days after X-irradiation with 5,000 r. Melano-
cyte residue is from atrophic follicles. X 98.
Fio. 2. Whole mount of ventral skin X-irradiatcd with 5,000 r. Melanocyte residue not
conspicuous as onset of follicle development had barely occurred at time of irradiation.
X 98.
Fm. 3. Whole mount of ventral skin control leg of same mouse as in Fig. 2. >< 98.
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X-IRRADIATION AND PIGMENT CELLS 299
tion and lacked hairs. Irradiation with 3,000
r or more destroyed the epidermis. An incrus-
tation typically covered the wound. At the
edge of the wound, a regenerating epidermis
appeared to be migrating at the interface of
the dermis and the incrustation. Mielanoeytes
were conspicuous even up to the invading tip
of the regenerating epidermis.
Sections of normal skin treated with dopa
revealed only an occasional dopa-positive
cell, presumably a pre-melanocyte. Calcula-
tions indicated that these dopa-positive cells
had a population density of not more than
6/mm2 of ventral leg epidermis. However,
dopa frequently does not show presumptive
melanoeytes.
nIseTJssJON
The results of this study are of interest in
three particular aspects. First, the system of
dermal melanocytes of the PET mouse are re-
sponsive to X-rays. Second, there appears to
be a density constant for the dermal pigment
cells. And third, high doses of X-radiation pro-
voke the appearance of melanoeytes in the nor-
mally melanocyte deficient epidermis.
Even though dermal melanoeytes have been
described in restricted locations in the gray
house mouse (8), in several respects the PET
mouse is more like the dilute-black Dutch rab-
bit than other mouse strains (9). In most mam-
mals, radiations induce hyperpigmentation
through the activation of epidermal pigment
cells (10). However, the dilute-black Dutch
rabbit develops a system of dermal melanocytes
following 1,000 r of X-irradiation. The young
PET mouse normally has dermal melanoeytes,
especially in the ventral skin of the hind legs
(4). The number of dermal melanocytes in dor-
sal leg skin of young PET mice increased when
X-irradiated in much the same manner as the
melanoeytes in the epidermis of other strains
(10). As no amount of irradiation could in-
crease the dermal melanoeyte population be-
yond 200/mm2, it could be that the melanoeyte
population is genetically determined for a par-
ticular tissue and locale; hence the increase
in melanocytes in dorsal leg skin, but none in
the already maximally expressed ventral skin.
The lower radiation levels which produce a
maximum response in the epidermal pig-
ment cells of other mouse strains and in the
dermal melanoeytes of PET mice, are ineffective
Fm. 4. X-ray provoked melanocyte in PET epi-
dermis. Light Delafield's hematoxylin stain. X 450.
in provoking the appearance of melanoeytes
in the PET epidermis. Such resistance in the
PET mouse of the epidermal pigment cells to
activation is most curious. Nevertheless, with
2,000 to 3,000 r of X-rays, melanoeytes appear
in both basal and suprabasal levels of the epi-
dermis. Above 3,000 r, the epidermis is de-
stroyed and the pigment cells with it. Only at
the periphery of the wound are melanocytes
found. The occurrence of melanoeytes in the
regenerating epithelial edge during the heal-
ing of the X-ray wound in the PET mouse is
almost identical to the condition found in
guinea pigs which were surgically wounded
(11).
The exact nature of the mechanism in-
volved in the relationship between irradia-
tion and pigment changes has not been ade-
quately determined. It has been proposed
variously that induced increases in melanoeyte
number is due to: 1. division of existing pig-
ment cells (12); 2. a migration of amoeboid
pigment cells into stimulated areas (13, 14)
or, 3. an activation of melanogenesis in pig-
ment cells already established at the site (4,
10, 15), possibly by release from —SH inhibi-
tion (16). The data on the population con-
stancy of dermal melanoeytes would appear to
a
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lend support to the latter concept. Whatever
the mechanism for hyperpigmentation, the
differential responsiveness of pigment cells to
a given irradiation dose is unquestionably
linked to the nature of the tissue environ-
ment (17, 18, 19).
SUMMARY
Young mice of the PET strain have a con-
spicuous number of dermal melanocytes but
are deficient in melanotic epidermal melano-
cytes. When the hind limb of PET mice was
given a single dose of X-radiation, depend-
ing on the dose (200—7,000 r), the dermal pig-
ment cells responded by establishing a melano-
cyte density which remained constant even at
high radiation levels. Epidermal melanocytes
were provoked only within the 2,000—3,000 r
range. It is tendered that the data give support
for the radiation-induced melanocyte in-
creases to be a result of activation of resident,
latent pigment cells.
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